Experienced poker players have the ability to suppress and hide emotions and reactions to avoid providing information about the quality of the dealt private cards and the own probability of winning to the adversaries. Besides unswayable luck and bravery, bluffing is the only skill that could massively improve the own chance of winning. This paper investigates whether a subliminal reaction in terms of changing facial surface skin temperature can be linked to the quality of the dealt private cards (i.e., the probability of winning the actual hand). Therefore, a dataset containing thermal imaging has been recorded during a No Limit Texas Hold'Em Poker tournament-session with six players in total and two players being observed with a high-resolution thermal imaging camera and manual provision of their dealt private cards as ground-truth. Preliminary results show that the facial skin temperature varies massively (±1.2
INTRODUCTION
Texas Hold'Em is a popular and widespread version of Poker, where a standard 52 card deck containing no jokers is used [9, 12] . Each player is dealt two private cards, and five community cards placed face-up by the dealer. The community cards consist of a series of three (the "flop"), followed by Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. two additional single cards (the "turn" and the "river"), with players having the option to check, bet, raise, or fold after each deal. The probabilities of winning a hand with a certain combination of the dealt private cards are well known (e.g., [9, 11] ), therefore an experienced player can assess very well his/her chance of beating the other participants and winning the pot.
Besides luck to receive cards with a high probability of being dealt with a good hand consisting of five cards in total (two private cards and three out of the five community cards), psychology and bluffing skills increase the chance of winning massively (e.g., by pretending to have a better card combination than the other contesters, or at least by letting the others not know that the private cards are useless). Poker professionals do not show any emotion or reaction that allows to suggest his/her winning chances and the quality of the two private cards. Nevertheless, a very good (or also very bad) combination of the private cards could set the poker player under stress or pressure, which triggers an implicit physiological reaction (e.g., increased facial skin temperature) [5] . This paper tries to investigate the question, whether there is a subliminal and implicit impulse and change in the face surface skin temperature when a player is dealt cards that have a high or low chance of winning the actual hand (i.e., is there a significant change in the facial surface skin temperature, when particular "good" or "bad" private cards are dealt to a player). Therefore, a dataset has been recorded where six persons participated in a No Limit Texas Hold'em Poker cash-game tournament-session, two of them recorded with a high-resolution thermal imaging camera in the upper body/face region with additional records of the dealt cards and the five community cards as reliable groundtruth.
In detail, the hypothesis can be formulated as: The remainder of the paper is structured as follows. The next Section provides background knowledge and related work on thermal imaging and properties of human skin. The experimental poker session for recording a thermal dataset is then described in detail, followed by preliminary findings that promise good results towards dataset evaluations and the investigated question and research hypothesis. Finally, the paper closes with a discussion of the core research questions and hypotheses and an outlook to future work.
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BACKGROUND
Being able to bluff and hide reactions to avoid providing other players information about the own quality of the cards increases the chance of winning even with cards having a low probability of getting a good hand together with the five face-up community cards [1] . Successful poker players are trained to avoid emotions and reactions even if the private cards are significantly good or bad.
Nevertheless, there are factors that might not be easily controllable under stress, like the facial surface skin temperature. This effect of temperature fluctuations caused by stress or changes in the emotional state of a person in the facial area has been detected by Genno et al. [2] . Detecting stress or even deceit by observing the skin temperature with thermal imaging technology has been done, where remarkable results have been achieved [3, 10] . This proven relation between the mental and emotional situation, the stress-level of a person and the fluctuation in the facial skin temperature underpin the hypothesis, that whenever a poker player is involved in playing a hand, his/her probability of winning is reflected in his/her stress-level and thus can be observed on his/her current temperature fluctuation.
The blood circulation in the outer layers of the surface skin and the variations in blood pressure are the base parameters for the thermal imaging used in this work [7] . If the blood pressure in a specific region is increased, thus the blood flow and circulation are rising, the skin temperature on the surface changes,which happens within seconds and cannot be explicitly controlled by human beings. Crucial aspects, when recording the facial skin temperature with thermal imaging technology is of course the physiological condition of the test-person, and the environmental factor, like the surrounding temperature. Furthermore, the distance between object and camera could be an influencing factor [6] . It will be shown later in the experimental setup Section, that the utilization of the absolute skin temperature should not be a problem within this paper, since the distance between testperson and the thermal camera does not vary over time.
Other recent and related work that operates with thermal imaging technology can be found in different application domains, which are all relevant to the emotional state of persons. For example, in [4] , the authors try to find out about emotions from persons, by utilizing a facial temperature sequence and discrete Hidden Markov Models (HMM). Another paper [8] operates in the vehicle-driver domain, whereas the facial skin temperature should be utilized to measure the driver response with in-vehicle human-machine interfaces.
It is obvious that the facial skin temperature is a very good input parameter to find out about person's stress-level and emotional state, therefore transmits subliminal information that can be perceived with thermal imaging technology. The following Section describes an experimental setup for a Texas Hold'Em Poker tournament session, to capture data and find out about a possible correlation between the quality of the dealt private cards and the facial skin fluctuations of participants. Figure 1 . A clipping from the hard copy that was used to mark the groundtruth (i.e., the dealt private cards, and the five community cards) by the test persons.
EXPERIMENTAL SETUP
To get a reliable dataset for investigating the hypothesis if a significant facial skin temperature change correlates with the quality of the dealt private cards, a poker session took place in May 2012. Six players participated in a cash-game No Limit Texas Hold'Em Poker tournament having 10 EUR as buy-in (i.e., each player received chips amounting to 10 EUR; once he had lost his chip-stack, a re-buy again for the same amount was possible). The participants were all male, in the age from 25 -32, having less to medium poker experience. In total, 58 hands were played, which took approximately 4.5 hours with breaks.
The two players who were captured with the high-resolution thermal imaging camera were asked to record their dealt private cards by marking the card suits (i.e., spades, hearts, diamonds, and clubs) and the value (i.e., from 2 up to ace). Furthermore, one player additionally marked the cards that have been dealt in the flop, turn, and river (i.e., the community cards). Figure 1 illustrates a clipping from the hard copy that was handed to the two players to mark their cards for every single hand.
This manually captured data has been transferred into tables (i.e., CSV-files) together with the winning probabilities in a six-player game (see [11] ). Table 1 illustrates this for a few hands, whereas "C5" means clubs-5, "HK" means heartsking, and so forth. The location where the poker session took place was chosen to be the Pervasive Computing Laboratory (PCL) at the University of Linz. Figure 2 illustrates the setup with the technical equipment and the placement of the participants. The thermal imaging camera was a FLIR SC655 with an image resolution of 16-bit 640x480 pixels, recording at 50Hz with an accuracy of ±2% of reading. The captured temperature range was detected at 31 • C to 38.5 • C. Furthermore, two Hero GoPro HD cameras were used, one mounted beside the thermal camera ("GP01" in Figure 2-1 and 2-4) , and one mounted on the ceiling ("GP02" in Figure 2-1 and 2-2 ).
The two persons that were captured by the thermal camera ("Person01" and "Person02" in Figure 2 ) were placed right in the middle of the table, in front of the thermal camera and GP01. The complete setup can be seen in Figure 2 As already mentioned, 58 hands have been played in total, lasting about 4.5 hours with short breaks every hour. The complete session has been recorded in HD with the two GoPro cameras. The thermal camera captured the two testpersons over the complete session. All 58 hands have been manually recorded in the groundtruth lists (private cards, as well as the five community cards) by the two participants. To avoid falsification of the thermal data by changing environment conditions, the room temperature was regulated with an air-conditioning system and was set to constant 24
• C. Table 2 summarizes the core things in the experiment and data recording session.
The recorded data is 159GB big in total (approx. 100GB thermal video, 55GB HD video, and about 4GB additional data). The detailed evaluation of the data is currently in progress (time consuming and challenging is the synchro- Figure 3 . Snapshots from the thermal imaging video captured with the high-resolution FLIR SC655 camera during the experimental Texas Hold'em Poker tournament session, whereas different game-, and stress situations are captured. The maximum temperature values below each sub-image are summarized in Table 3 . nization of the video-, and card-data), preliminary findings and results are presented and discussed in the following Section.
PRELIMINARY RESULTS
The detailed data evaluation is currently in progress, nevertheless, first impressions suggest that the hypothesis holds, since temperature variations are very obvious. Take for example the four images illustrated in Figure 3 . Each image shows the two participants (Person01 and Person02) and the region of interest (facial-, and throat-area) for the thermal image analysis (marked as light green rectangles in each of the sub-figures). Within these marked regions, the minimum and maximum temperature, the average temperature, and the standard deviation can be displayed, which allows easy visual analysis. Especially the maximum temperature is the most interesting value, which can be identified either on the person's temples or near the carotid artery area. Figure 3 illustrates four snapshots taken during the experimental poker tournament, whereas different situations (and thus stress-, and temperature-levels are given).
The following Table 3 summarizes the maximum temperature for the two test-persons in the four sub-images of Figure 3 , and Figure 4 illustrates the maximum temperature for both test persons for a two hour cutout of the thermal video as plots over time. Fig.3-1 Fig.3-2 Fig.3-3 Fig.3 -4 Person01 37.7
• C 36.6 Table 3 . Overview of the maximum temperature in the four sub-images of Figure 3 .
The both plots showing the max. temperatures in Figure 4 for a two hour slot illustrate very well the temperature increases and decreases. The current game situation is obvious and easy distinguishable and is marked in the illustration. Remarkable is the variance in the temperature between the two test persons. None of them declared to be sick, anyways, the facial temperature of Person02 was constantly below the temperature of Person 01. The phases of the poker session can be readout very well, every time a person receives his private cards, the temperature is increased. To find out about the quality of the cards, the specific region in the plot has to be analyzed, since there are outliers in both directions.
DISCUSSION AND FUTURE WORK
Initial evaluations, inspections and examinations of the Texas Hold'Em Poker dataset promise that a certain variation in the facial surface skin temperature (in the remarkable range of ±1.2 • C) is given. This increase and decrease happens within seconds, which arouses our suspicion that the hypothesis presented in the introductory Section holds. Though the temperature variation range is different between the participating test-persons, this fluctuation in the facial skin temperatures can be observed at both players. It is yet not clear, if the quality of the private cards can be predicted by observing the temperature only. There are outliers, which seem to be promising, but this has to be further evaluated.
Currently, the HD videos are synchronized with the thermal camera imaging video files and the card groundtruth lists. This is a challenging task, since the exact time stamps where a player is dealt his private cards from the dealer have to be matched to the corresponding (thermal) video sequences. Furthermore, a few similar sessions with different players (professionals, or very experienced players) have to be conducted to underpin potential findings from this dataset.
